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METHOD FOR AUTOMATICALLY
GENERATING A NETLIST OF AN FPGA
PROGRAM

This nonprovisional application claims priority under 35
U.S.C. §119(a) to European Patent Application Nos. EP
14168013.7, which was filed on May 13, 2014 and to EP
15165320.1, which was filed on Apr. 28, 20135, and which

are both herein incorporated by reference.

BACKGROUND OF THE INVENTION

Field of the Invention

The present 1invention relates to a method for automati-
cally generating a netlist of an FPGA (Field Programmable
Gate Array) program.

Description of the Background Art

In the conventional art, an FPGA program 1s compiled in
an abstract development environment. This permits the users
to develop an FPGA program even without detailed knowl-
edge about FPGAs and tool tlows. One example of such a
development environment 1s the program “Simulink™ by the
company The Mathworks in connection with the program
“System Generator for DSP” by the company Xilinx. A
model of the FPGA program 1s produced in such a devel-
opment environment. Testing the model that has been pro-
duced requires a build of a netlist for the configuration of an
FPGA based on the model of the FPGA program. Typically,
an FPGA build includes the steps of synthesis, placement,
and routing. The netlist that has been prepared 1n this way 1s
then used to produce a bit stream for the configuration of the
FPGA. The process of the build, however, lasts for a
comparatively long time so that when there are frequent
changes to the model of the FPGA program, this results 1n
long wait times.

In other words, to define the behavior of the FPGA, the
user provides a hardware description language (HDL) or a
schematic design. The HDL form 1s more suited to work
with large structures because 1t’s possible to just specily
them numerically rather than having to draw every piece by
hand. However, schematic entry can allow for easier visu-
alisation of a design. Then, using an electronic design
automation tool, a technology-mapped netlist 1s generated.
The netlist can then be fitted to the actual FPGA architecture
using a process called place-and-route, usually performed by
the FPGA company’s proprietary place-and-route software.
The user will validate the map, place and route results via
timing analysis, simulation, and other verification method-
ologies. Once the design and validation process 1s complete,
the binary file generated (also using the FPGA company’s
proprietary soitware) 1s used to (re)configure the FPGA.
This file 1s transferred to the FPGA/CPLD wvia a serial
interface (JTAG) or to an external memory device like an
EEPROM.

In order to reduce the time required until a completely
placed and routed netlist 1s available after completion of the
modeling, 1t 1s known to manually divide the model into
components, to manually partition an FPGA, to synthesize
cach of the components individually, and to place and route
them appropnately for a partition. During the complete build
for the whole model, the already placed and routed netlists
of the components are simply accepted unchanged and the
connections between the components are produced as
needed. This approach can be implemented using the tool
flow that Xilinx refers to as “hierarchical tool tlow.” The
partitioning ol an FPGA 1s also referred to as floor-planning.
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U.S. Pat. No. 8,407,645, which 1s incorporated herein by
reference, discloses the division of a model and the separate
building of individual components.

SUMMARY OF THE INVENTION

It 1s therefore an object of the present invention to
improve the conventional art. Based on the above-men-
tioned hierarchical tool tlow, the most up-to-date possible
netlists of components and FPGA-overall classifications
should be maintained for the user at all times. The complete
build known from the conventional art, in which all of the
components are always subject to a new synthesis, place-
ment, and routing, 1s not eflicient and 1s not practicable in the
rapid control prototyping environment. The method
described 1n this invention improves the hierarchical tool
flow. The method makes use of the hierarchical tool flow and
enhances 1t by means of additional steps. These steps, which
are used individually or in combination in this method,
include the following:

1. Automated FPGA prebuild: The individual components
are rebuilt, 1.e. synthesized, and 1f need be placed and routed
automatically 1n the background so that they can be 1mme-
diately used 1f necessary. To this end, a job queuer recog-
nizes triggers and initiates the build of components. In a
preferred vanant, overall classifications, 1.e. complete
netlists of the model or bit streams generated from the
netlists for the configuration of an FPGA, are likewise
prepared automatically by means of a prebuild. In an
embodiment, the automatic building of components and
overall classifications 1s distributed over a plurality of pro-
cessor cores. These processor cores can be located 1n the
same computer or can be connected via a network.

2. Automatic versioning: The individual components are
versioned automatically together with the netlists so that
when a change to an old component version 1s made,
complete netlists of the component are available. The ver-
sion change 1s 1mplicitly recognized by comparing current
component versions to already versioned classifications.

3. Automatic modularization: Model/code hierarchies that
are excessively flat are automatically divided into smaller
components. Smaller components can generally be built
more quickly and replaced more easily.

4. Automatic floor-planning: For the components, regions
in the FPGA are automatically reserved for the implemen-
tation according to various criteria such as the resource
demand of the components or the data exchange of the
components with one another. For components between
which no direct data exchange occurs, it 1s possible, for
example, to reserve regions of the FPGA that are spatially
remote from each other.

5. Use of an already existing overall classification in
order, 1n the event of a change 1n a component, to update this
in the existing overall classification. In this way, it 1s
possible to achieve a new overall classification when the
component 1s changed.

6. Enhanced FPGA build job queuer: FPGA build jobs are
transmitted to an enhanced job queuer. The latter divides
10bs among various resources that are available to 1t, such as
free cores, a build farm, or a build cloud. Compared to
normal job queuers, the enhanced job queuer recognizes not
only the priorities of build jobs, but also their dependencies.
An up-to-date overall classification can be provided more
quickly through continuous monitoring, resource allocation,
and resource removal.

By means of the above-mentioned steps, 1t 1s possible to
produce a complete netlist of the FPGA program much more
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quickly. Individual components can be interchanged accord-
ing to the modular design principle and through partial
reconfiguration, can even be inserted mnto the FPGA in
online fashion while the latter 1s running.

The more parallel computing power 1s available, the more
up-to-date the user 1s able to keep the overall classifications
or netlists of individual components during the ongoing
modeling. To that end, one embodiment of the mvention
includes an enhanced job queuer, which starts FPGA build
jobs for the individual components and for an overall
classification 1n a priority-based fashion. The enhanced job
queuer can distribute jobs by priority to a plurality of cores,
FPGA bwld farms, and clouds. In addition, the jobs can be
subsequently reweighted and/or aborted, for example 1f a
synthesis that was started automatically has to be interrupted
because the user has made turther changes to the component.

In an embodiment, the invention relates to a method for
generating a netlist of an FPGA program; the underlying
model of the FPGA program 1s composed of at least two
components; each component 1s assigned a separate partition
on the FPGA; an independent build of a netlist 1s carried out
for each component and the build jobs are automatically
started by a job queuer after a trigger; an overall classifica-
tion 1s generated from the netlists of the components; the
build jobs are automatically started after a trigger event; and
the trigger event 1s a saving ol a component, the exiting of
a component of the model, or a time-controlled, automated
initiation of a build.

An advantage of the mvention 1s that netlists of compo-
nents and overall classifications can be made available more
quickly because there 1s no waiting until the user initiates the
build of components and overall classifications. Instead,
during the creation or modification of the model by the user,
a build 1s mitiated automatically. Thus for example after the
saving ol a component, a build can be automatically mnitiated
for this component or, 1f the user exits a component 1n the
modeling environment, e.g. closes an editing window, a
build can be automatically imitiated for this component. An
overall classification 1s a placed and routed netlist of the
complete FPGA model. A bit stream for the configuration of
an FPGA can be produced from an overall classification.

In an embodiment of the invention, the netlists of the
components can be versioned automatically.

An advantage of the versioming is that in the event of a
change to an old component version, completed netlists of
the component can be recognized and used. The netlists in
this case can be unplaced netlists, placed netlists, or routed
netlists.

In an embodiment of the invention, the model of the
FPGA program can be automatically divided into a plurality
ol components.

An advantage of the automated division is that the user 1s
freed of this task and the components can be built indepen-
dently of one another and in parallel. The independence
permits a component to already be being built while the user
1s making changes to another component. The parallel
operation permits build jobs to be executed simultaneously
with different build resources.

For a model that 1s composed of a plurality of submodels,
the automated division can include the use of submodels as
components. Likewise, submodels that are composed of a
plurality of sub-submodels can be divided into these sub-
submodels 1n order to obtain more and smaller components.
The use of the division of the model into submodels as a
basis for the division makes 1t very easy to automate the
division. Another approach 1s the mapping of the model on
a graph or hypergraph. Such a mapping 1s possible, for
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example, when the model exists i the form of a netlist.
Then, the logic cells of the netlist are mapped at the nodes
of the graph and the connections are mapped at the edges of
the graph. After the mapping, algorithms can be used for the
division of graphs and hypergraphs. In a graphic model, the
blocks can be mapped at the nodes and the connections can
be mapped at the edges. In general, a model can be divided
into components at arbitrary boundaries. It 1s thus possible
for graphic models to be divided at connections between

blocks or for VHDL models to be divided into groups of
entities or into individual entities. A division into more and
smaller components increases the possible degree of paral-
lelism of the build jobs, but by contrast reduces the possi-
bilities for the overarching optimization since each compo-
nent can only be optimized 1n and of 1tself.

In an embodiment of the invention, the FPGA can be
automatically divided into a number of partitions, which
corresponds to the number of components of the model of
the FPGA program and in which the components are auto-
matically allocated to the partitions. The logic cells, for
example, correspond to logical circuit components of the
FPGA and the netlist corresponding to wired interconnects
between circuit components of the FPGA.

An advantage of the automated division of the FPGA and
the automated allocation of the components to the partitions
1s that the partitioming and allocation can be repeated auto-
matically at any time and can thus be changed. When
changes are made to the components that cause the resource
demand of the netlist to exceed the resource supply of the
allocated partition, then the floorplan 1s automatically
adapted by means of a new partitioning, thus enabling an
automated buaild.

In an embodiment of the imvention, a first partition 1s
reduced 1n size and a portion that 1s not needed by the built
form of the component, which 1s allocated to the first
partition, 1s allocated to a second partition.

One advantage of the reduction 1n size 1s that partitions
reserve as little unused space as possible. If after the build,
the regions used by the component remain unchanged, then
unused regions can be allocated to other partitions.

In an embodiment of the invention, a third partition and
a fourth partition can be combined to form a fifth partition
and the components allocated to the third partition and
fourth partition are combined.

An advantage of the combining 1s that for the tools that
produce the configuration bit stream from the model com-
ponents, more optimization possibilities are available i1 the
model components are not divided into subcomponents. The
combining thus makes 1t possible to achieve a more highly
optimized configuration, 1.e. the program can be executed
more quickly on the FPGA, for example because the FPGA
can be operated at a faster clock cycle and/or because fewer
clements of the FPGA are required for the program.

In an embodiment of the invention, an overall classifica-
tion can be automatically built as soon as netlists of all
components of the model are available 1n a routed form.

An advantage of the automated building of an overall
classification 1s that an overall classification 1s available
carly and 1n many cases, the overall classification can to a
large extent continue to be used when changes to compo-
nents are made.

In an embodiment of the invention, if an overall classi-
fication 1s already available when a change to a component
1s made, then the changed component can be updated in the
overall classification when a new overall classification 1s
built.
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An advantage of updating only the changed components
of an existing overall classification 1s that it takes signifi-

cantly less time for the build tools to update components 1n
an overall classification than to generate an overall classi-
fication from the whole model/whole source code. Thus, the
whole floorplan or FPGA logic array need not be rewritten
every time a component 1s updated. Instead, updates are
made only to the hardware logic aflected by the change.

In an embodiment of the invention, the completed built
overall classifications can be automatically versioned.

An advantage of the versioning 1s that when a change to
an old version of the model 1s made, a completed overall
classification belonging to the version can be recognized and
used.

In an embodiment of the invention, the build jobs can be
managed by an enhanced job queuer.

An advantage of the enhanced job queuer 1s that it starts
FPGA build jobs for the individual components and also for
an overall classification 1n a priority-based fashion. The
enhanced job queuer can distribute jobs 1 a priorntized
fashion to a plurality of cores, FPGA build farms, and
clouds. In addition, the jobs can be subsequently reweighted
and/or aborted, for example 1f an automatically started
synthesis has to be interrupted because the user has made
other changes to the component.

The mvention also relates to a development environment
for an FPGA program, which performs a method according
to the mvention.

Further scope of applicability of the present invention will
become apparent from the detailed description given here-
inafter. However, 1t should be understood that the detailed
description and specific examples, while 1ndicating pre-
terred embodiments of the invention, are given by way of
illustration only, since various changes and modifications
within the spirit and scope of the mmvention will become
apparent to those skilled 1n the art from this detailed descrip-

tion.

BRIEF DESCRIPTION OF THE DRAWINGS

The present invention will become more fully understood
from the detailed description given hereinbelow and the
accompanying drawings which are given by way of 1llus-
tration only, and thus, are not limitive of the present inven-
tion, and wherein:

FIG. 1 shows a variation over time of an initial FPGA
build and the qualitative time savings when a change to a
component occurs;

FI1G. 2 shows two applications of the method according to
an embodiment of the invention;

FIG. 3 shows an overview flowchart of an embodiment of
the invention;

FIG. 4 shows a modularization of a model of an FPGA
program 1nto components and a reservation of areas for
these components in the form of a floorplan in the FPGA;

FIG. § shows the rebuild of an individual component with
an optional enlargement;

FIG. 6 shows the rebuild of an individual component with
a new placement on the FPGA;

FI1G. 7 shows the rebuild of an individual component with
region growing;

FIG. 8 shows the msertion of a new component;

FIG. 9 shows a design flow of an embodiment of the
invention;

FIG. 10 shows a circle-based placement of the starting
point of components with and without reserves on the

FPGA;
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FIG. 11 shows an 1nitial placement of the components on
the FPGA 1n the form of a rectangle on the starting points;
and

FIGS. 12a-12d show an 1nmitial placement of the compo-
nents on the FPGA by means of region growing.

DETAILED DESCRIPTION

FIG. 1 shows the variation over time of an imtial FPGA
build and the qualitative time savings when a change to a
component occurs. The normal sequence of an 1nitial build
1s shown on the left side. In the normal sequence, first a
synthesis of the entire FPGA model 1s carried out. The
synthesized components of the model are then placed on the
logic blocks of the FPGA. Then, the signal lines between the
components are routed. The bit stream for the configuration
of the FPGA 1s then produced based on the totality of the
components and signal lines. This sequence does not have to
be carried out with each change to the model/source code.
The normal sequence 1s only carried out with the first build.
When changes to an individual component are made, then
only this individual component 1s resynthesized, placed and
routed, and combined with the already completed netlists of
components of the FPGA program. A build of the complete
FPGA program therefore takes less time since many com-
ponents are already complete and the whole model 1s not
synthesized, placed, and routed all over again. Then a bit
stream for the whole model 1s produced.

FIG. 2 shows two important applications of the invention.
On the one hand, this 1s the automatic, parallel generation of
component classifications and overall classifications so that
when the user 1ssues a build request, an overall classification
can be made available very quickly (use case 1). On the
other hand, other combinations of component versions are
continuously built 1 the background so that for example
when a component i1s turned back to an old version, the
customer can obtain an overall classification immediately 1f
need be (use case 2) because this already exists without his
knowledge.

FIG. 3 shows a tlowchart. The starting point 1s a trigger
that occurs while the user 1s still modeling and the result 1s
a complete FPGA overall classification. The overall process
can be switched on and off by the user so that for example
alter completion of the development phase, the user can start
a normal, complete build without floorplanning.

The process 1s started by a trigger 50 while the user 1s still
modeling. A trigger 50 can, for example, be one of the
following events:

The user saves his graphic model or his text source code.
A classification of the modeling that 1s possibly worth
keeping 1s achieved.

The user exits the scope of a subsystem 1n the graphic
modeling tool. As a result, the fact 1s indicated that this
subsystem has achieved a classification that 1s defini-
tive for the time being.

The process 1s initiated automatically after a certain
amount of time.

The FPGA build 1s explicitly mitiated by the user. This
case 1s known from the hierarchical tool flow.

After the tnigger 50, the model/source code 1s first ana-
lyzed 52. The overall design of the FPGA may possibly have
to be divided 1nto usetul individual components i1 this has
not yet occurred. In this modularization 54, various strate-
gies are possible, e.g. building similarly sized components
so that changes to a component always result 1n similarly
long build times and with a parallel build of a plurality of
components, 1t 1s not necessary to wait long for a large
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component or for frequently changing components to be
kept as small as possible since the changing of them does not
have an excessively negative impact on a new build. A
frequently changing component can be recognized during
the modeling not only by the number of actual changes, but
also possibly by the number indicating how often a user
enters and exits a graphic subsystem. With a new modular-
1zation, a new floorplan 56 1s also necessary. In this case,
though, i1t should always be noted that for a particular
modularization and a corresponding tloorplan, implemented
components may already exist so it may not be possible to
continue using these 1n the event of a new modularization
and therefore also a new floorplanning. Corresponding
evaluation functions are needed. When changes to the com-
ponents are made, a new tloorplan can become necessary
even without a new modularization 1f an analysis of the
component sizes 58 indicates that components no longer {it
in their partitions.

The floorplan corresponds to the mapping of logical
components to FPGA gate arrays. Therefore, each floorplan
represents adaptable and/or implemented hardware logic
equivalent to an integrated circuit. In the present arrange-
ment, implemented logic 1n the form of programmed/hard-
coded gates can be tested and updated betfore adding the next
component. The process retains components which need not
be changed and updates those which require modification to
fit the new floorplan. Therefore, each pre-build process
disclosed can be at least partially implemented in hardware
logic while the rest 1s being built, written to memory or
developed.

A modularization and a floorplan can also be specified by
the user. The user can also assist a new modularization and
a new floor-planming.

The individual components are then analyzed 60 as to
whether a prebuild already exists for the current version and
the associated partition of the floorplan. If this i1s not the
case, then a prebuild job 1s assigned, which i1s distributed by
the enhanced job queuer. If prebuilds exist for all of the
components, then an overall prebuild 1s created. The pre-
build events of the individual components and of the overall
classification are versioned so that it 1s possible to access
prior versions as needed.

Basically, the design can exist 1in various abstract forms,
as described below:

Graphic Model

The model may possibly already exist imn the form of
graphically recognizable subsystems, which directly serve
as components and do not have to be divided further. In the
case of a graphic model, if an excessively flat hierarchy is
specified, then an automatically generated, modularized,
consistent copy can be maintained in the background, which
serves as a basis for the versioning and the prebuild of the
components. Alternatively, HDL code can first be generated
from the model and a modularization can be carried out on
the basis of it.

Source Code-Based Approach/RTL (Register Transfer
Level)

If the design 1s already 1in a hardware description language
(e.g. VHDL, Verilog) in the form of various components
with definite interfaces/entities, then this modularization can
be maintained or a restructuring that 1s more favorable for
the approach 1s carried out, for example the hierarchy 1s
made flatter or deeper. Also for this purpose, an automati-
cally generated, modularized, consistent copy can be main-
tained 1n the background, which serves as a basis for the
versioning and the prebuild of the components. The 1mple-
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mentation can, for example, be carried out by establishing a
graph or hypergraph on the RTL in order to 1identify relevant
components.

Netlist-Based Approach

The FPGA synthesis translates the hardware description
language into netlists. If the FPGA model 1s 1 the form of
a netlist, then among other things, graph-based or hyper-
graph-based methods can be used for dividing the design.
The partitioning of graphs makes it possible to automatically
identily components that exist as autonomously as possible,
without a lot of interconnections to other components.

FIG. 4 shows an example of the modularization of mod-
els, source code, or netlists into components. By means of
the automatic floorplanning, corresponding areas in the
FPGA are reserved for the individual components. The
model exists 1n the form of a graphic model, source code, or
a netlist and 1s hierarchically divided into a plurality of
subcomponents, which may possibly contain other sub-
subcomponents. An area 1n the FPGA 1s reserved for each
subcomponent.

The estimate of the resource demand of a component 1s
the prerequisite for the creation of a correct floorplan. This
may possibly also play a role even in the modularization. In
addition to the actual resource demand of the component,
other parameters can also 1nfluence the area to be reserved
in the FPGA, for example 11 a component 1s manually or
automatically attributed as still growing, then more FPGA
area and thus more resources are provided for the compo-
nent; consequently, 1t 1s not necessary to create a new
floorplan 1mmediately 11 the resource demand of a compo-
nent increases. Alternatively, more space can also be
reserved for a frequently changing component since in this
case, the chances are high that 1t 1s also still growing.

A resource/area estimate can be implemented 1n various
ways. A few possibilities for determining the resource
demand will be described below.

Evaluation of the resource demand based on synthesis
reports/synthesis results. As a rule, a synthesis 1s completed
quickly and therefore supplies quick and realistic results for
the resource demand.

The cumulative demand of a component 1s determined
using lookup tables that specily the resource demand of
individual elements.

Evaluation of the resource demand of implementation
reports/implementation results. To this end, the implemen-
tation results of the last build of a component, for example,
can be used 1n order to optimize the area to be reserved for
the next build. It 1s possible, for example, to make fewer
unnecessary space reservations for the component in the
tfloorplan.

The resource demand of a component 1s not absolutely
proportional to the required area. In the event of nonhomo-
geneous resource distribution 1 the FPGA or special
resource demand, e.g. with significant use of elements such
as DSP slices or block RAMSs, 1t 1s necessary to take into
account the fact that the available area can be dispropor-
tionately greater than the designated resource demand and
also contains the required resources.

After the user design by means of modularization 54 has
been divided into components, a floorplan 56 must be
created. To that end, an area 1n the FPGA must be found that
includes all of the necessary resources of the component and
this must be suitably placed on the FPGA. In this case, a
distinction 1s drawn between the mitial placement, 1.e. the
initial floorplan for which a completely new tloorplan 1is
drafted, and the new placement of components. With the
new placement, the existing tloorplan 1s kept 1n large pieces
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il possible 1n order to be able to continue using completed
component classifications. The floorplanning can occur
automatically, in a user-assisted fashion, or manually by
means of user input.

When creating the floorplan, it 1s necessary to take into
account factors such as the resource demand of the compo-
nents, the resource distribution on the FPGA, and the
relationship of the components to one another. The resource
demand and the relationships of the individual components
to one another are already known in the RTL and netlist
level. The resource distribution 1s established as a function
ol architecture.

A placement of the components close to the required
resources 1s particularly desirable with heterogeneous
resource availability.

The mitial placement of the components can be purely
random. It 1s, however, advantageous to connect 1t with
certain constraints.

The reservation of space for a component generally
occurs 1n rectangular sections on the generally rectangular
area of the FPGA. The optimal distribution of rectangles
within a rectangle 1s an NP-complete decision problem that
talls under the rubric of “2D bin packing.” This approach is
conceilvable for the 1mitial placement, but 1t does not take
into account the relationship of the components to one
another and the sometimes heterogeneous resource distribu-
tion.

There are a large number of possible approaches. A
circle-based approach, which can be favorably combined
with a region growing method, will be discussed further
below.

In the “Analysis of the floorplan” step 38, an adaptation
of the floorplan can occur for various reasons.

For example, the following method 1s swtable for the
placement when changes have occurred in the resource
demand of components:

Rectangular components

Are scaled i one or two dimensions and possibly
shifted and implemented in order to meet the new
resource demand. This 1s shown in FIG. 5.

Are redimensioned, placed, and implemented if the
space required 1s no longer suflicient. This 1s shown
in FIG. 6.

If free placement 1s also no longer possible, then
A plurality of components must be newly placed and

implemented
All of the components must once again be mitially
placed and implemented

“Region growing~ approach
Growing or shrinking of changed components by

means of “region growing’ or “region shrinking”.
This 1s shown 1n FIG. 7.

If free placement 1s also no longer possible, then
A plurality of components must be newly placed and

implemented
Or all of the components must once again be 1nitially
placed and implemented

For the new placement of a component:

If there 1s still enough free space, then a new region 1s
reserved for the component. An example that 1s inde-
pendent of the placement method 1s shown in FIG. 8.

If free placement 1s no longer possible, then
A plurality of components must be newly placed and

implemented

All of the components must once again be initially

placed and implemented
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A change 1n the relationship of components to one
another, e.g. due to changed signal constraints, can result 1n
a new placement of the components.

According to the overview diagram in FIG. 3, an analysis
60 of all of the components takes place aifter the floorplan-
ning. For each individual component, this analysis checks
whether 1t has been given a diflerent position or size in the
current floorplan. If this 1s the case, then first a check 1is
performed as to whether an appropriately versioned classi-
fication of these components exists 62 or whether a prebuild
of the component must be mitiated 64.

The prebuild mechanism ensures that prebuild jobs 66 are
initiated for changed components. In addition to the prebuild
10bs 66, additional prebuild jobs 66 integrate the individual
components mto an FPGA overall classification in the
background. Since only a small subregion in this overall
classification ever changes and the rest 1s locked, it takes
significantly less time to generate a new overall classifica-
tion.

All of the jobs that accrue can be distributed more
ciliciently by means of an enhanced FPGA build job queuer
70, which possibly has access to a plurality of processor
cores, an FPGA build farm, or an FPGA build cloud.

If partial bit streams to the components also exist, then
these can be used as needed for partial reconfiguration. The
customer therefore has the option of updating subcompo-
nents online while the FPGA 1s runming. Various classifica-
tions of components and the interaction of different compo-
nents with one another can thus be quickly evaluated.

In addition to a changed component version, there are still
other criteria that could require a new prebuild. Important
examples of these include, among other things, the criteria
of size, placement, and distances.

1. Pre-build because a build of the component does not yet

exi1st

2. Pre-build because the component will be 1n the way of
another new/grown component and a new floorplan has
been created.

3. Pre-build for reduced-size regions since other compo-
nents are currently growing more rapidly and a new
floorplan has been created.

4. Pre-build for a component for a newly allocated area 1n
the FPGA.

5. Pre-build when there are changed constraints 1f a new
arrangement of the components 1s necessary because of
new timing constraints.

In an exemplary embodiment of the invention, there 1s an
automated versioning of the individual components and the
overall classifications. In the analysis of all of the compo-
nents, a determination 1s made as to whether individual
components or their floorplans have been changed. If this 1s
the case, then next, a determination 1s automatically carried
out as to whether the current classification of the component
corresponds to a classification that has already been ver-
sioned before. This can take place either by directly com-
paring the model/source code to all versioned classifications
of the component or by comparing, for example, a hash
value of a component. With the direct comparison or for
example when a hash value 1s produced, irrelevant compo-
nents such as comments can optionally be 1gnored.

If a versioned classification of the component already
exists, then this 1s used, thus saving the labor-intensive build
process of the component. This 1s often the case when the
customer cancels a modification again at some point 1n the
model/source code.

If a versioned classification does not yet exist, then the
component 1s automatically rebuilt 1n the background by
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means ol a prebuild job 66. The result of the prebuild 68,
versioned together with the classification of the component,
1s then saved.

It 1s also possible for an explicit selection of a component
version to be made by the user who wishes to return to an
old version or an externally supplied version.

If all of the prebuilds are available after a trigger event 30,
then first a check 1s performed as to whether a versioned
overall classification already exists for this combination of
component classifications. If so, then 1t can be used. If not,
then a prebuild job 66 1s mitiated for the overall classifica-
tion. To this end, an existing overall classification 1s used
that conforms the most closely to the required one; for
example 11 there 1s already an overall classification that has
already implemented 3 out of 4 required components, then
only one component has to be updated. The result of the
prebuild job 66 supplies the current overall classification,
which 1s versioned again, together with the information
about the component versions used.

When a component 1s being versioned, all relevant data of
the corresponding version are stored i a centralized or
decentralized fashion. This includes the following: the com-
plete component and/or hash value regarding the compo-
nent. The use of a hash value saves space and hash values
can be equalized more quickly than complete components;
the build result 68 of the component; and/or the date and
version of the component and possibly other metadata.

When an overall classification 1s being versioned, all
relevant data of the corresponding version are stored in a
centralized or decentralized fashion. This includes the fol-
lowing: information about the component versions used and
if need be also the complete components in the correspond-
ing versions; the build result 68 of the overall classification;
and/or the date and version of the overall classification and
possibly other metadata.

The build result containing the versioned components and
classifications 1s then stored in memory in the form of an
array of logic blocks corresponding to an FPGA logic array.
Alternatively, a look-up table to be hardcoded on an FPGA
1s stored 1 memory and adapted/changed with every
rebuild. Alternatively, the look-up table or logic blocks are
written to the FPGA and implemented as logic gates and
interconnects. The incremental pre-builds would result 1n
functional pieces of the FPGA logic array structure which
could be tested before adding additional components.

The transfer of the built logic array to the FPGA results in
an integrated circuit corresponding to the generated array of
gates and/or a look-up table 1n non-volatile memory which
dictates the FPGA logical functions and processes. The
optimized tloorplan maps the components and classification
space allocated to the logic, mputs and constraints of the
FPGA, where the FPGA can be a virtual implementation or
a hardware implementation.

A job queuer 70 distributes build jobs 66 to various
resources that are available to 1t. These can, for example, be
free cores, a build farm, or also a build cloud. It 1s likewise
possible for the job queuer 70 to perform a prioritization of
build jobs 66. As a rule, automatically mitiated prebuild jobs
66 arc given a lower priority than build jobs that are mnitiated
by the user. In addition, there can be prioritization criteria in
which prebuild jobs can also be aborted again in order to free
up resources for complete build jobs.

The enhanced FPGA build job queuer 70, as shown in
FIG. 3, must perform tasks that go beyond those of a normal
10b queuer.

Since the number of available resources will always be
limited, a situation can arise in which all of the build jobs
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compete with one another. This situation cannot be satistac-
torily resolved merely through prioritization. For this reason,
additional dependencies are 1ntroduced between jobs.

In an embodiment of the invention, dependencies are
introduced between the build jobs 66 1n addition to the
priorities.

In an exemplary example: a first build job with a low
priority 1s the prebuild of an already out-of-date classifica-
tion ol a component; a second build job with a low priority
1s the prebuild of a current classification of a component; and
a third build job with a high priority 1s the build of a current
overall classification

In this case, the third build job 1s identified as being
dependent on the second build job. Although the third build
10b has a higher priority than the second buld job, the
process first waits until the second build job has been
executed before the third build job 1s started. In the event of
a resource shortage, however, the first build job can be
aborted since 1t has no current dependency on the third build
10b.

In addition to the dependency, the degree of completion 1s
also evaluated; a job that 1s 90% complete, for example, will
not generally be aborted. This 1s logical since 1t may possibly
be another component classification that the user might also
wish to test soon because the entirely up-to-date classifica-
tion 1s not yet functional.

Often, high-quality FPGA tools are required for the build
process of high-quality, large FPGAs. The availability of this
resource 1s generally limited. The division of a design into
subcomponents that place lower demands on the size and
complexity of the FPGA can make 1t possible to distribute
the prebuild jobs to resources with more advantageous
FPGA tools, which are suflicient for these demands. Con-
sequently the resources that are able to build high-quality,
large FPGAs remain available for the compilation of a
complete FPGA overall classification.

In summary, the enhanced FPGA build job queuer 70
performs the following tasks: distributing bulds/prebuilds
to resources; continuously evaluating build jobs, taking nto
account build job dependencies and degrees of completion;
and/or starting and aborting builds/prebuilds

The modularization, the automatic parallel prebuild, and
the versioning of all results reduce the extremely lengthy
process ol the FPGA build to the replacement of small
components 1n the FPGA. An up-to-date overall classifica-
tion of the system that i1s currently in development can
therefore be generated more quickly.

FIG. 9 shows an example of the design flow of the
invention in detail.

One possible method of floorplanning with a circle-based
placement approach 1s shown 1n FIG. 10 and 1s composed of
the following steps:

1. The components are first represented by circles.

2. The area of a circle 1s proportional to the resource

demand of the component.

3. Where necessary, the center points of the circles are
located close to their required resources 1f the latter are
heterogeneously distributed. They constitute the start-
ing points of the components.

4. The distances of the center points of the circles from
one another should be as proportional as possible to the
relationship of the components to one another.

5. The circles should be placed inside a rectangle that
represents the FPGA area.

The initial components, embodied in the form of rect-

angles of the required size, are placed onto their starting
points. This 1s shown 1 FIG. 11.
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In the “region growing’ approach, starting from the
starting point, the components grow 1teratively in accor-
dance with their constraints until a suitable rectangular size
has been achieved. If permitted by the design tool, compo-
nents from rectangular groups ofler enormous potential here.
One example for a placement according to the region
growing approach 1s shown in FIGS. 12a-d.

FIG. 12a shows that first, the respective rectangle situated
the closest to the respective center point of the circle 1s
reserved. FIGS. 126-d show how rectangles adjoining the
reserved region are iteratively reserved until the reserved
area 1s large enough for the assigned component.

The mvention being thus described, 1t will be obvious that
the same may be varied in many ways. Such variations are
not to be regarded as a departure from the spirit and scope
of the invention, and all such modifications as would be
obvious to one skilled 1n the art are to be included within the
scope of the following claims.

What 1s claimed 1s:

1. A method for generating a netlist of an FPGA program,
an underlying model of the FPGA program being composed
of at least two components, the method comprising:

assigning each component a separate partition on the

FPGA, wherein each component represents a logical
circuit within an FPGA;
performing an independent build of a netlist for each
component, wherein the netlist represents wired inter-
connects between logical circuits 1n the FPGA;

comparing a local classification of the netlist with ver-
stoned classifications of the components to determine 11
the versioned classifications are usable;

generating an overall classification from the netlists of the

components by incorporating the netlists directly into
the overall classification;

automatically starting the independent build after a trigger

event, the trigger event being a saving of a component
in a GUI, the exiting of a component of the model in the
GUI, or a time-controlled, automated initiation of a
build,

wherein, 1f one of the versioned classifications 1s usable,

then the versioned classification usable for a specific
component of the at least two components 15 1ncorpo-
rated 1nto the overall classification in place of the local
classification or netlist, and

generating a bit stream from the overall classification to

configure a circuit configuration of the FPGA.

2. The method according to claim 1, wherein the com-
pleted built components are automatically versioned.

3. The method according to claim 1, wherein the model of
the FPGA program 1s automatically divided into a plurality
ol components.

4. The method according to claim 1, wherein the FPGA 1s
automatically divided into a number of partitions, which
corresponds to the number of components of the model of
the FPGA program.

5. The method according to claim 4, wherein the partitions
provide a mapping of component logic to a logic gate array.

6. The method according to claim 1, wherein the compo-
nents are automatically allocated to the partitions.

7. The method according to claim 1, wherein a first
partition 1s reduced 1n size and a portion not needed by the
built form of the component, which 1s allocated to the first
partition, 1s allocated to a second partition.

8. The method according to claim 1, wherein a third
partition and a fourth partition are combined to form a fifth
partition and the components allocated to the third partition
and fourth partition are combined.
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9. The method according to claim 1, wherein an overall
classification 1s automatically built as soon as netlists of all
components of the model of the FPGA program are available
in a routed form.

10. The method according to claim 1, wherein, if an
overall classification 1s already available when a change 1s
made to a component, then the changed component i1s
updated 1n the overall classification when a new overall
classification 1s built.

11. The method according to claim 1, wherein the com-
pleted built overall classifications are automatically ver-
s1oned.

12. The method according to claim 1, wherein the build
jobs are managed by a job queuer.

13. The method according to claim 1, wherein a bit stream
for the configuration of the FPGA 1s produced from the
netlists of the components and/or from a netlist of an overall
classification.

14. A development environment for a netlist of an FPGA
program, wherein the FPGA program automatically carries
out the method according to claim 1.

15. The method according to claim 1, wherein a build of
the component converts the FPGA program to a plurality of
FPGA logic gates and interconnects.

16. The method according to claim 1, wherein the local
classification 1s compared to versioned classifications based
on a hash value of each component.

17. The method according to claim 1, wherein the local
classification 1s compared to versioned classifications based
on source code for each component.

18. The method according to claim 1, wherein the prebuilt
version 1s compared to the previously versioned classifica-
tion based on source code for each component.

19. The method according to claim 1, further comprising:

editing at least one versioned component after the overall
classification 1s built;

generating a local classification for the at least one
versioned component edited after the overall classifi-
cation 1s bult:

verifying that the local classification of each of the at least
one versioned component can replace the previously
versioned classification of the at least one versioned
component; and

replacing the previously versioned classification in the
overall classification with the local classification.

20. A method of building an FPGA circuit layout, com-

prising:

pre-building at least two components of an FPGA pro-
gram 1nto at least two partial models;

versioning each prebuilt component, wherein each com-
ponent represents a logical circuit within an FPGA;

determining 1f a prebuilt version exists as a previously
versioned classification:

11 the prebuilt version was previously versioned, selecting
the previously versioned classification for incorpora-
tion 1nto a final build;

i the prebuilt version was not previously versioned,
selecting the prebuilt component for incorporation 1nto
the final bwld;

generating at least one netlist for the partial models,
wherein each netlist represents a wired interconnect
between logical circuits in the FPGA;

generating an overall classification from each netlist of
cach component or the previously versioned classifi-
cation of each component; and

generating a bit stream from the overall classification to
configure a for circuit configuration of the FPGA.
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21. The method according to claim 20, wherein the
prebuilt version 1s compared to the previously versioned
classification based on a hash value of each component.
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